ABSTRACT: Peat is a highly organic and compressible soil. Surfers Paradise (as a study area) has problematic peat layer which has different thickness at different locations between R.L. -10 to -19.6 m below the ground surface. Buildings in Surfers Paradise are using piled foundations to avoid the high compressibility and low shear strength peat layer. In this paper, geotechnical borelogs are compiled from 51 soil investigation reports in the study area. These borelogs data are then imported into ArcGIS10 as digital layers and converted into assessable formats by Geographic Information System (GIS). This technique has been utilised to produce digital zonation maps for the study area. The application of interpolation techniques allows the production of zonation maps and bring together years of geotechnical data. Standard Penetration Test (SPT) N values have been selected to determine the soil stiffness in the study area. These SPT-N values are then categorised to produce different zonation maps. The occurrence of peat layers can be located using these zonation maps. These GIS-based zonation maps will provide a better overview of subsurface geology, bed rock elevations, and geotechnical properties of the various soil types found in the study area.
INTRODUCTION
GIS has the capability to manage, store, and referencing geotechnical data to its geographic locations. It has been used to integrate existing data such as soil investigations aided by geographic coordinates with specific project data to identify potential geotechnical challenges. For instance, a case study has been presented by [1] where a geotechnical investigation data has been managed by using GIS for design purposes in transportation projects. The outcome of this study was an early identification of the geotechnical problems which require an additional budget and time consuming design's substantial changes. It is generally accepted that the organic matter presence in soils causes a detriment of their geotechnical and engineering qualities [2] . Peats and organic clays cause typical geotechnical problems as a result of their characteristics such as compressibility, lightness, creep ability, weatherability, and low strength and stiffness [3] .
GIS APPLICATION IN GEOTECHNICAL DATA
GIS has been used in many geotechnical applications ubiquitously over the world. For example, in Brazil, GIS used for geotechnical and environmental risk management of Brazilian oil pipeline in 2010 [4] .
In addition, in Greece, GIS has been used to produce a thematic map for the geotechnical, geological, seismological, and geomorphological data of Athens [5] . In Turkey, reference [6] has used GIS to produce zonation maps and to estimate if a further precaution is required for a safer area. Cross sections which include SPT-N blow count with depth have been performed to determine the soil strength. Further, GIS-based geotechnical information systems have been established in the USA, Singapore, Brazil, and Japan in 2003, 2005, 2003 , and 2010 respectively. The purpose of this is a web-based easy access to the geotechnical data of any area of interest to have an idea about geotechnical conditions of this area. In addition, four case studies of small scale geotechnical projects have been studied by [7] to verify the benefits of using GIS in geotechnical engineering in The United Kingdom. The outcome of this study indicated that GIS output improved the analytical and technical range of these projects in comparison with traditional techniques and the high quality produced maps are comprehensible and popular with engineers.
This paper shows the identification of peat layer occurrence in Surfers Paradise as a case study in Australia. The occurrence of peat has been identified by producing the interpolated SPT-N value zonation maps by using the Spatial Analyst extension and interpolation techniques. Peat occurrence's depth and thickness have been also determined in the study area. 
METHODOLOGY
Two approaches have been utilised to produce GISbased SPT-N value zonation maps. The first approach was by collecting the geotechnical data from the geotechnical investigation reports. These data were available in many different locations and forms. Next, data has been tabulated by using Excel to make it familiar with the GIS environment. The spatial locations of boreholes have been designated by using Google Earth based on boreholes actual locations on each project's site plan. By calculating the distances between separate boreholes and the distance between the borehole itself and the adjacent boundaries on the site plan, boreholes' coordinates can be acquired from Google Earth. Randomly chosen boreholes have been chosen to validate coordinates before transferring these coordinates into GIS environment. Figure 1 shows the procedure of obtaining the boreholes coordinates from a project site plan. Figure 2 illustrates the transformation of geotechnical data from Excel spread sheets into ArcMap. The red dots on the GIS map represent the borehole's spatial locations. Each borehole has its own spatial data as well as geotechnical data which have been uploaded from Excel. It can be observed from Fig. 2 that the geotechnical data has been horizontally tabulated in Excel sheet in a way to be compatible with the GIS setting.
The second approach has been achieved by examining eight interpolation techniques in the Spatial and Geostatistical Analyst in ArcMap10. The purpose of this approach is to interpolate the SPT-N value and producing the zonation maps.
The eight interpolation techniques examined were: (1) Geostatistical Analyst Tools, IDW method (2) Geostatistical Analyst Tools, Diffusion method (3) Geostatistical Analyst Tools, Global Polynomial method (4) Geostatistical Analyst Tools, Kernel method (5) Spatial Analyst Tools, Ordinary Kriging (6) Spatial Analyst Tools, Universal Kriging (7) Spatial Analyst Tools, Spline (8) Spatial Analyst Tools, IDW method.
The interpolation technique of Spatial Analyst Inverse Distance Weighting method (IDW) was the most suitable technique which gives a better representation for the SPT-N data in Surfers Paradise with specific parameters. This is consistent with what [8] has found.
The spatial analyst extension employs the Inverse Distance Weighting (IDW) interpolation method to create these maps. The interpolation, in turn, is a procedure being used to predict the values of cells at certain locations that lack sampled points [9] .
STUDY AREA
Surfers Paradise has a unique prominent location which increases the tourism and commercial activities in Gold Coast in the state of Queensland, Australia. It has been an iconic tourist destination since 1950s and it is the most famous location in Australia. Surfers Paradise has an area about 4 by 1.3 km 2 and the Nerang River divided it into two main parts Nerang River parts, and Beach side part. The study area includes the area which is located between the Nerang River and the Coral Sea (Fig.3) . This soil profile is consistent with the description given by [10] , [11] and [12] . Fig. 3 the location of the study area
RESULTS AND DISCUSSIONS
Twenty six GIS-based interpolated maps have been performed for the study area at depths ranged between the ground surfaces until depth of R.L -40. These maps have been produced by using the Spatial Analyst IDW technique which has been selected among eight interpolation techniques to give a better representation of the data with specific parameters. These parameters are: output cell size: 2.719E-05, power 2, search radius: fixed, and distance 0.25.
In this paper, only four GIS-based SPT-N value zonation maps have been provided to represent different depth classes. These four zonation maps represent different depth levels (near the surface until R.L. -26.6 m). Also, it shows variety of soil classes in terms of SPT-N values.
Further, peat occurrence locations map is also presented for the study area. These locations are associated with its boreholes to show the peat depth and thickness in each location.
The first zonation map is nearly shallow in depth R.L. 2.3 to 0 m. The Australian Height Datum (AHD) has been used for the depth considerations. Figure 4 shows the distribution of the soil stiffness values in the study area. It can be observed that the SPT-N value in the northern parts of the study area was between 0-10 blows for very loose to loose sand. Whereas, in the southern parts was quite high > 30 blows which represents dense sand. The sand classification has been adopted based on [13] in terms of number of blows of the SPT. There are some locations within the study area are not spatially interpolated and it seems to be blank due to the lack of geotechnical data in this depth at these locations. The second SPT-N value zonation map has been performed for the depth between R.L. -13 to -15 m (Fig. 5) . It can be seen that the dominant soil stiffness value for this depth is between 31-49 blows which can be classified as dense sand. There are also some locations of very loose sand and loose sand of SPT-N value between 0-10 blow. Figure 6 shows the third zonation map for the SPT-N value at depth between R.L. -20 to -21.6 m. It can be noticed that the extent of this zonation map is smaller than the previous zonation maps. This is because the lack of data at this depth level which prevents the interpolation process to be completed in the unclassified (un-interpolated) areas. The last zonation map for the soil stiffness in this paper is located at depth between R.L. -25 to -26.6 m. Figure 7 shows the distribution of the SPT-N value within the study area and indicates that the dominant value for this depth is between 11-30 blows. This is because of interbedded layers of soft to firm clay and medium dense sand. Very loose sandy clay is also existed in the northern part of the study area.
Nonetheless, Peat locations have been identified within the study area in 16 locations (Fig. 8) . These locations represent already existed buildings and other engineering structures in Surfers Paradise [10] . Each location in this figure has been given a number to denote peat's depth and thickness in this particular location (Table 1 ). Figure 9 shows the borehole distribution of these locations within the study area. These boreholes contain peat in its soil profile.
It can be seen from Table 1 that peat layer has a varying thickness which ranges between 0.0-7.0 m at depth mainly between R.L. -10 to -19.6 m below the ground surface. As mentioned, peat is geotechnically problematic soil and many engineers try to avoid the adventure of construction over peat. Therefore, attention is required for the already existed buildings and safety precaution is also necessary to be taken for the proposed new engineering structures in the peat locations. Approximately all the buildings in the study area are Int. J. of GEOMATE, Dec, 2013, Vol. 5, No. 2 (Sl. No . 10), pp. 685-689 supported by pile foundations. Thus, this study will be useful for the potential engineering structures to take into account the depth and the thickness of peat for a suitable, economic, and safe design in Surfers Paradise. Peat is highly organic and compressible and it has been considered as a geotechnically problematic layer. This layer has a varying thickness ranges between 0.1-7.0 m at depth between R.L. -10 to -19.6 m below the ground surface in the study area. In addition, attention should be paid in terms of potential foundations challenges, to locations which have a high thickness of peat such as a location in the core of the study area which has a peat thickness of 7.0 m. This study might be beneficial for public agency geotechnical engineers and decision makers at local and state levels. This paper is a part from an ongoing research to characterise physical and engineering properties soil in Surfers Paradise in Southeast Queensland, Australia.
